High dimensional, heterogeneous datasets are challenging for domain experts to analyze. A very large number of dimensions often pose problems when visual and computational analysis tools are considered. Analysts tend to limit their attention to subsets of the data and lose potential insight in relation to the rest of the data. Generating new hypotheses is becoming problematic due to these limitations. In this paper, we discuss how interactive analysis methods can help analysts to cope with these challenges and aid them in building new hypotheses. Here, we report on the details of an analysis of data recorded in a comprehensive study of cognitive aging. We performed the analysis as a team of visualization researchers and domain experts. We discuss a number of lessons learned related to the usefulness of interactive methods in generating hypotheses.
Introduction
As in many other domains, experts in medical research are striving to make sense out of data which is collected and computed through several different sources. Along with new imaging methodologies and computational analysis tools, there is a boom in the amount of information that can be produced per sample (usually an individual in the case of medical research). This increasingly often leads to heterogeneous datasets with very large number of dimensions (variables), up to hundreds or even thousands. This already is a challenging situation since most of the common analysis methods, such as regression analysis or support vector machines [1], for example, do not scale well to such a high dimensionality. Consider for instance applying factor analysis to understand the dominant variations within a 500-dimensional dataset. It is a great challenge to correctly interpret the resulting factors even for the most skilled analyst.
On top of this challenge, the number of samples is usually very low in medical research due to a number of factors such as the availability of participants in A. Holzinger and G. Pasi (Eds.): HCI-KDD 2013, LNCS 7947, pp. 1-12, 2013. c Springer-Verlag Berlin Heidelberg 2013 a study or high operational costs. This results in datasets with small number of observations (small n) but a very high number of variables (large p). Since most of the statistical methods need sufficiently large number of observations to provide reliable estimates, such "long" data matrices lead to problematic computations [2] . Both the high dimensionality of the datasets and the "p n problem", pose big challenges for the analyst and the computational tools. These challenges lead to the fact that the experts tend to limit their analyses to a subset of the data based on a priori information, e.g., already published related work. Limiting the analysis to a subset of the data dimensions hides relations in the data that can potentially lead to new, unexpected hypotheses.
At this stage, the field of visual analytics can offer solutions to analysts to overcome these limitations [3] [4]. The visual analysis methods enable analysts to quickly build new hypotheses through interaction with the data. The user also gets immediate feedback on whether or not these hypotheses call for a further investigation. Moreover, the interactive tools enable analysts to check for known hypotheses and relationships that have been already studied and reported in the related literature.
In this application paper, we discuss how interactive visual analysis methods facilitate the hypothesis generation process in the context of heterogeneous medical data. We discuss how we utilize the dual analysis of items and dimensions [5] in the interactive visual analysis of high dimensional data. We report on the analysis of data related to a longitudinal study of cognitive aging [6] [7] . We demonstrate how our explorative methods lead to findings that are used in the formulation of new research hypotheses in the related study. We additionally showcase observations that are in line with earlier studies in the literature. We then comment on a number of lessons learned as a result of the analysis sessions that we performed as a team of visualization researchers and domain experts.
Interactive Visual Analysis Environment
The analysis of the cognitive aging study data is performed through a coordinated multiple view system [8] , that primarily makes use of scatterplots. The user is able to make selections in any of the views and combine these selections through Boolean operators, i.e., ∪, ∩, ¬. In order to indicate the selections and achieve the focus+context mechanism, we employ a coloring strategy, i.e, the selected points are in a reddish color and the rest is visualized in gray with a low transparency (see Fig. 1-b) to aid the visual prominence of the selection. One additional note here is that we use a density based coloring such that overlapping points lead to a more saturated red color. We use Principal Component Analysis (PCA) -on demand -to reduce the dimensionality of the data when needed. Additionally, we use Multidimensional Scaling (MDS) directly on the dimensions similar to the VAR display by Yang et al. [9] . In this visualization approach, the authors represent a single dimension by a glyph that demonstrates the distribution of the items in the dimension. Later authors apply MDS on the dimensions to lay them out on a 2D-display. Similarly in this work, we feed the correlations
